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We consider an island growth mechanism wherein species adsorbed on top of two-dimensional islands diA'use to the edge and are then incorporated. A simple matrix formulation is developed for this random-walk problem which allows exact calculation of the growth probability distribution, neglecting island rearrangement.
Furthermore, we also show how related trapping probabilities can be calculated recursively for various stages of island growth. The case of imperfect trapping at island edges is also considered, and reduction to Eden-model-type growth in the lowtrapping-probability regime is demonstrated. In general, the growing islands are rounder and have fewer defects and narrower active zones than Eden clusters.
Consider a process involving irreversible chemisorption from a mobile physisorbed precursor source. ' Clearly, the chemisorption kinetics and adlayer structure will depend on the competition between precursor-gas-phase equilibration and irreversible precursor depletion via chemisorption. Thus it is instructive to consider two limiting regimes.
If the adsorption, desorption, and diffusion rates for the physisorbed state are high compared with the chemisorption rate, then the precursor will be quasiequilibrated. '
Its density at lateral position r will then satisfy p(r) -ke~', for typically small activity X. The total binding energy, J(r), will be enhanced near island edges due to attractive interactions. Thus, so will p(r) and the chemisorption rate, assumed proportional to p(r), resulting in an island-forming propensity. Such islands evolving with local growth rules will be compact' (the Eden-model universality class ). However, they may not achieve their asymptotically round shape (neglecting rearrangement) before coalescence.
In contrast, strong chemisorption at island edges would provide a near perfect sink for precursor species, thus preventing their equilibration.
For short precursor lifetimes, only species physisorbing close to island edges will contribute, resulting again in Eden-type growth.
However, for long precursor lifetimes, clearly growth will be diffusion limited and governed by nonlocal growth rules.
Here it is appropriate to consider separately the contribution from intrinsic and extrinsic precursors, residing above empty and island-covered regions of the substrate, respectively. The former is a type of diffusion-limited aggregation process, and should produce Mullins-Sekerka-type island shape instabilities.
These could be quenched by island rearrangement.
In this paper, we consider exclusively the latter mechanism. A formalism for its analysis is introduced similar to one used previously in extensive analyses of average capture times for walkers on finite lattices with a single trap.
Before beginning this analysis, we note that these types of diffusion-limited growth mechanisms will also be operative in layer-by-layer (Frank-van der Merwe) epitaxial growth of thin films. Here the standard picture is of adsorbed (rather than precursor) atoms migrating either laterally to two-dimensional islands in the same layer, or across the top of islands to be incorporated at the edges. The analysis below of the latter growth mechanism is implicitly geared to the low-temperature nonequilibrium regime where island breakup is insignificant, and island restructuring is limited.
Specifically, here we consider the random walk of an atom between neighboring sites atop an island (I) until reaching perfect trap sites (T) at the edge (Fig. I) Next we comment on the island structure produced by these diffusion-limited growth models. This structure is completely determined by the GPD's, which we have shown how to calculate above. One finds an enhancement of growth probability at internal defects and concave indentations at the island perimeter, and an inhibition at convex protrusions (see Fig. 2 ). Thus there is a strong propensity for circular, defect-free islands. Furthermore, the GPD's are nonlocal, there being no bound on the ratio of maximum to minimum growth probabilities for arbi- (1985) .
